Background: Parkinson disease (PD) is a complex neurodegenerative disorder that benefits from specialty care. Telehealth is an innovative resource that can enhance access to this care within a patientcentered framework. Research suggests that telehealth can lead to increased patient satisfaction, equal or better clinical outcomes, and cost savings, but these outcomes have not been well-studied in PD. Methods: We conducted a dual active-arm 12month randomized controlled trial to assess patient satisfaction, clinical outcomes, travel burden, and health care utilization in PD using video telehealth for follow-up care with specialty providers. Telehealth visits took place either at a facility nearer to the patient (satellite clinic arm) or in the patient's home (home arm). Each control group received usual in-person care. Patient satisfaction, assessed by quantitative questionnaires, was the primary outcome. Results:
P arkinson disease (PD) is a chronic neurodegenerative disorder characterized by disabling motor and nonmotor symptoms. Studies have demonstrated the importance and value of specialty care, with superior clinical outcomes, improved survival, and enhanced quality of care. [1] [2] [3] Obstacles to receiving specialty care are numerous and include geographical and financial obstacles as well as limitations in patients' physical ability to travel. Therefore, limited access to care is regarded as a major barrier facing those with PD, particularly given the burden the projected growth of the PD population is expected to place on health care systems. 4, 5 Telehealth was developed as a means to provide accessible care to those in remote locations. In the United States, this modality is best developed in the Veterans Affairs (VA) Medical System. Active since 1968, Virtual Care, which includes video and other remote care modalities, provides care to more than 2 million veterans. 6 Similarly, the clinical model of the patientcentered medical home was introduced in 1967 to provide quality health care to vulnerable patient populations via cost-effective, accessible means in a time when increasing health care costs and other resource limitations create obstacles to care. 7, 8 Incorporating telehealth resources while providing patient-centered care in a multidisciplinary PD clinic is the focus of this study.
Efforts to implement telehealth technologies in PD care were summarized by a task force of the International Parkinson and Movement Disorder Society. 9 A number of feasibility trials are looking at video telehealth as an alternative to face-to-face care. [10] [11] [12] [13] Generally, these efforts have been successful, and implementing telehealth in PD treatment is a promising area of clinical development and research. Our objective was to determine whether patients with PD using video telehealth would be as satisfied as those who received face-to-face care and to assess clinical outcomes, travel burden, and health care utilization.
METHODS

Study design and protocol
We conducted a dual-arm randomized controlled trial focused on patient satisfaction as the primary endpoint, as well as clinical outcomes, patient travel burden, and health care utilization, using clinical video telehealth vs usual in-person care in a VA-based subspecialty PD clinic. This study included application of telehealth to local closer VA facilities (satellite clinic arm) as well as to the veteran's home (home arm). The facility equipment consisted of a Global Med Telehealth Specialty Carts and Cisco Webcams. The Intel Health Guide was deployed to the veterans' homes. These technologies provided live high-resolution audiovisual connections between the patient and provider. Within each study arm, individuals were randomized to either the telehealth group or the control group using a random number generator with blocks of 4 to ensure balance in this small sample size. Veterans were enrolled for a period of 12 months. Target enrollment was 50 veterans in each arm. Visits were similar to in-person visits in duration and aspects of interview and included a modified examination 14 facilitated by a telehealth clinical technician at the remote VA site. The frequency of clinical visits was dictated by clinical needs, with a minimum of every 6 months (2 visits total) and no maximum.
Standard protocol approvals, registrations, and patient consents
The study's protocol was approved by the Philadelphia VA Medical Center Institutional Review Board and all participants provided written informed consent.
Study participants
All participants were recruited from one subspecialty clinic (Philadelphia Parkinson's Disease Research, Education and Clinical Center, Philadelphia, PA) and were established patients meeting diagnosis of PD according to UK Parkinson's Disease Society Brain Bank diagnostic criteria. 15 Patients receiving primary care at a closer (to their home) outpatient VA facility were recruited for the satellite clinic arm, and the remaining patients were recruited for the home arm. Patients requiring in-person visits, as determined by their treating physician, were excluded. These patients were receiving botulinum toxin injections and/or deep brain stimulation adjustments, which required in-person care. For those patients recruited into the home arm, Internet access was required to support the video equipment and the patient and/or caregiver had to be able to operate the equipment. Fourteen patients did not have Internet access. Of the eligible patients, 62% agreed to participate.
Outcomes
Data collection took place via chart review and patient questionnaires. Baseline and demographic data included age, sex, race, and presence of caregiver (yes/no); baseline disease characteristics included the UPDRS Unified Parkinson's Disease Rating Scale (UPDRS), 16 Hoehn and Yahr stage, 17 and the 15-item Geriatric Depression Scale (GDS). 18 Outcomes were collected at 6-and 12-month visits 61 month. The primary outcome measure was patient satisfaction assessed using the aggregate score of the Patient Assessment of Communication of Telehealth (PACT) questionnaire. This validated 33-item (Likert scale) instrument has been used in a number of telehealth studies to assess the quality of the communication between the provider and patient 19, 20 and is useful for its ability to be administered to both intervention and control groups. In addition to the aggregate score, 2 specific domain scores were evaluated: convenience/satisfaction with the type of visit (referred to as PACT, convenience subscore) and convenience/satisfaction with respect to distance traveled (referred to as PACT, distance subscore). Patient satisfaction was also assessed using a patient clinical survey (figure e-1 at Neurology.org/cp). This 6-question assessment tool was developed specifically for this study to evaluate the respondents' assessment of their experience compared with prior in-person visit(s), as no existing tools were available to study this patient preference. The first 5 questions were prefaced with "Compared with your last visit to the clinic, today's visit.," and the questions addressed travel time, convenience, overall communication, adequate addressing of clinical concerns, and overall quality of the visit. Responses were worded as "much less," "slightly less," "same," "slightly more," and "much more" to determine how telehealth compared subjectively with usual inperson care. The final question (yes/no) asked respondents whether they would prefer the alternative care modality; 2 versions of this question existed (one designed for the control group and one for the intervention group).
Secondary outcomes included clinical outcomes, patient travel burden and costs, and health care utilization. The clinical outcomes were measured using reliable and validated scales, namely the UPDRS and Hoehn and Yahr stage for disease severity, the Parkinson's Disease Questionnaire (PDQ-8) for quality of life, 21 and the GDS for mood. Patient travel burden and costs were gathered from self-reported questionnaires designed to capture both financial and time investments of clinical visits. Wait time from arrival to scheduled appointment time was also self-reported. Googlemaps.com was used to calculate the distance traveled. Health care utilization data included hospital admissions, emergency department visits, routine and nonroutine PD provider visits, provider phone calls, and number of referrals made by PD clinicians to other health care providers or services. These outcomes were collected from selfreported questionnaires and the VA electronic medical record system. "No-show" and patient-initiated cancellations were measured using the VA electronic medical record system.
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Data analysis
Statistical analysis was completed with STATA version 12. Descriptive statistics are reported for baseline demographic and clinical information for each study arm. Within each study arm, the telehealth intervention group was compared with a control group, and mean differences between groups were tested using Fisher exact tests for categorical variables and t tests for continuous variables. All tests were 2-sided with a significance level set at #0.05. Given the relatively small sample size of this pilot study, we did not adjust for multiple comparisons because, per the recommendation of Rothman, 22 we preferred to explore leads that may turn out to be incorrect rather than miss potentially important findings. An intention-to-treat analysis was completed on the outcome variables at 6-and 12-month time points; individuals were analyzed in the group to which they were randomized. No item nonresponses were noted. Questionnaire aggregate scores were used for the PACT, GDS, and PDQ-8. Patient clinical survey questions were analyzed individually and reported as the percentages of responses based on group assignment. Similarly, the 2 questions on the PACT specifically addressing patient satisfaction regarding convenience (#32, #33) were analyzed individually.
Our primary outcome for the study was the aggregate PACT score. At the time of the study, no prior work was available to inform our power calculations. Our financial and other constraints permitted recruitment of only 100 individuals for the entire study. Therefore, to maximize power, we divided equally between the telehealth and control groups for each study arm (i.e., 4 groups with n 5 25 each). Before initiation of the study, we calculated that with a 5 0.05 and 25 participants per group we would have 80% power to detect Cohen d 5 0.8 for the standardized mean difference between the control/intervention of each study arm. This is considered to be a "large effect size." 23
RESULTS
Eighty-six men (50 in the satellite clinic arm and 36 in the home arm) were recruited from June 2011 to March 2013, representing 62% of eligible veterans. Figure 1 outlines participant enrollment. There were no significant demographic differences at baseline between control and intervention individuals in either arm (table 1). In the satellite clinic arm, 17 veterans lived between 0 and 20 miles of the subspecialty clinic, 26 lived 21-40 miles, and 7 lived greater than 40 miles. In the home arm, 11 veterans lived 0-20 miles from the subspecialty clinic, 13 lived 21-40 miles, and 12 lived greater than 40 miles. At the conclusion of the study, 30 individuals had dropped out: 11 had died and 19 withdrew. However, the majority (19/30 5 63%) of attrition occurred before the first study visit: 9 had died and 10 withdrew. Reasons for withdrawal in the telehealth groups related to technical issues (unable to establish connection) (2), relocation of clinical care (2), change in frequency of visits to annually (1), and preference for in-person care (3, one of which stemmed from concerns about paying the Internet bill). Of the 11 that dropped out after the intervention was started, 2 died and 9 withdrew. Reasons for withdrawal in the telehealth arm related to technical issues (poor connection; degraded video) (4), relocation of clinical care (1), change in frequency of visits to annually (1), and preference for face-to-face visit (1) . Attrition in the satellite clinic arm was largely similar between controls and telehealth; in the home arm, most withdrawals occurred in the active arm ( figure 1) . The average number of visits was 4.1 and 4.2 (telehealth vs control) in the satellite arm and 2.7 and 3.4 (telehealth vs control) in the home arm. A total of 87 telehealth visits were completed. A provider requested an in-person visit on only one occasion, in order to include an additional provider who did not participate in telehealth. There were no significant differences in overall (aggregate) patient satisfaction, with average PACT total scores demonstrating a high level of patient satisfaction in all groups. In the domain related to convenience of the type of visit, the PACT questionnaire showed significantly higher satisfaction for both telehealth interventions compared with usual treatment at 6 months; and for the satellite clinic group compared with usual treatment at 12 months (table 2; figure 2 ). For convenience related to distance to travel, satisfaction was significantly higher in both telehealth intervention groups at 12 months and in the home arm at 6 months. The patient clinical survey confirmed a significantly higher level of satisfaction at both time points in the 2 telehealth arms based on answers to items related to travel time and general convenience. Telehealth patients also reported equal or improved overall communication, addressing of clinical concerns, and overall quality of visit compared with in-person visits (both telehealth arms at 6 months and the satellite clinic arm at 12 months [ figure 2 ; table e-1]). In the satellite clinic arm, 40% of controls stated that they would have preferred telehealth at a close facility (vs 25.8% of telehealth participants who would have preferred an in-person visit). In the home arm, 14.4% of controls stated that they would have preferred a telehealth visit (vs 33.3% of telehealth participants who would have preferred an in-person visit). There were no between-group differences in secondary endpoints related to clinical outcomes, including the GDS, UPDRS, and quality of life measures (table 3) . As expected, travel burden was decreased for telehealth participants in both arms of the study, with savings of 17.1 miles per visit in the satellite clinic arm and 58.2 miles per visit in the home arm. In addition, in the satellite clinic arm, patient-reported wait time (from time of scheduled appointment) was decreased at 12 months for the telehealth group vs controls (table 3) . Health care utilization patterns were largely similar between groups, with the exception of a lower proportion of appointment "no-shows" and patient-initiated cancellations (for scheduled appointments) in the satellite arm telehealth group compared to the control group (6.9% [610.5%] vs 19.6% [612.6%], p 5 0.0045).
DISCUSSION
Although there was no difference between groups in overall patient satisfaction, this study suggests that using telehealth to treat patients with PD results in high patient satisfaction, reduced travel burden, equal clinical outcomes, and perhaps improved health care utilization. Managing PD is a challenge requiring numerous medical providers, often a devoted caregiver, and expenditure of significant health care and personal resources. Evidence has shown the benefits of including neurologic specialists in the care of PD. 1,2 However, many patients do not have access to this level of care, so providing avenues to access appropriate care will not only improve patient outcomes and satisfaction but also allow more effective management of this chronic disease and benefit the health care system at large. Telehealth has been shown to be a promising modality to extend care to closer medical facilities as well as directly to the patient's home. There have been a few studies supporting the feasibility of telehealth in PD [10] [11] [12] [13] ; this study reports a randomized controlled trial designed to look at specific outcomes over 6 and 12 months. Despite moderate dropout rates, we found outcomes at 6 and 12 months to be generally similar and provided ample data to evaluate the outcomes of this study.
Specifically, overall patient satisfaction for telehealth was equal to that for in-person care. Aggregate patient satisfaction scores were high, even in the control group, and a ceiling effect likely explains the absence of significant differences between groups in aggregate scores. On those items specifically addressing patient satisfaction regarding convenience of the type of visit Telehealth has been shown to be a promising modality to extend care to closer medical facilities as well as directly to the patient's home. and the accessibility/distance, a significant difference was noted in most comparisons, favoring telehealth over in-person care. In addition, elements of patient satisfaction related to communication, addressing of clinical concerns, and overall quality were largely similar between telehealth and in-person visits. This is an important finding, because it is essential that the benefits This study showed that remote care resulted in similar clinical outcomes. Although certain aspects of the neurologic examination cannot be completed remotely (e.g., pull test and muscle tone assessment), the majority of the movement disorder-related exam is conducive to an audiovisual approach using the modified version of the UPDRS as a validated proxy for the full motor UPDRS. 14 In addition, the treating clinician requested that a patient come to the clinic for an in-person evaluation in only one instance (out of 87 telehealth visits). The most informative and reliable data collected regarding travel burden in our study were quantitative data on miles saved, as travel distance and burden is a frequent barrier to accessing care. More formal cost-benefit analysis is needed to quantify the magnitude of this benefit and to consistently capture expenses. In addition to travel cost benefits, more accessible care may have downstream effects on health care utilization patterns, with reduced visits to emergency rooms and clinics and fewer phone calls, although these were not borne out in this study, likely because of the small sample size. Examining health care utilization patterns may ultimately provide the most useful data to support telehealth and other innovative health care applications that increase access. Although patterns were largely similar between telehealth and in-person visits in this study, some data suggested fewer unplanned contacts with the health care system. For example, in the satellite clinic arm, there was a significant reduction in the proportion of appointments cancelled or "no-showed" in the telehealth group.
As managed-care companies and government entities (Medicare and Medicaid) consider reimbursement for these newer technologies, this type of evidence will be critical. Remote care delivery models have been used in treating neurologic conditions within the VA medical system. There are emerging general neurology, multiple sclerosis, cognitive, pain/headache, epilepsy, stroke, traumatic brain injury, and other telehealth programs throughout the nation. The VA has deemed telehealth and other remote care modalities (collectively termed Virtual Care) a national priority by funding these programs and setting annual goals. FY15 marked more than 2.3 million veterans (;40%) using some type of Virtual Care modality, and 2.1 million telehealth encounters took place. 6 As telehealth programs expand and eventually become funded and more accessible outside of the VA, research studies will guide providers in successful development.
There are study limitations to note. The small sample size may have decreased power to detect more between-group differences, particularly in the home arm because enrollment did not reach the goal of 50 participants. We also acknowledge that without correction for multiple comparisons, false-positive results may have occurred. The newness of this resource posed logistical challenges regarding scheduling and technical aspects, particularly in the home arm, resulting in dropouts and some reduction in overall quality at 12 months (home arm only). This likely explained the 33% of home telehealth patients who would have preferred an in-person visit. However, of the 19 patients who withdrew, only 3 cited a preference for face-to-face visits as the reason. The cohort comprised existing patients in a multidisciplinary veteran-based specialty center and may not be generalizable to the patient population at large. This study did not examine the effectiveness of telehealth for initial evaluations. Recall bias may have affected patient questionnaire responses. Thus, although the evidence is encouraging, larger long-term studies will be needed to guide program development and growth, with emphasis on cost-effectiveness, quality, and utilization. As remote video technologies are developed and evolve, the opportunities to access care will increase. As PD providers strive to develop more accessible patient-centered practices, it will be important to understand the advantages, limitations, and issues involved with remote delivery of care.
